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A B S T R A C T  
 
 
Chromium (Cr) and copper (Cu) are heavy metals known for their dangerous effect towards human 
health and could enter into human body mainly through ingestion. Over the years, different treatment 
methods have been used to eliminate heavy metal from raw water source and these include 
(co)precipitation, coagulation/flocculation, adsorption and ion-exchange. Nonetheless, adsorption is 
the most prominent method due to its high adsorption capacity and low cost. In this work, graphene 
oxide-manganese ferrite (GMF) nanomaterials were synthesized and used to remove Cr(VI) and Cu(II) 
ions from water solution based on adsorption mechanism. The synthesized nanomaterials were 
characterized using FTIR, BET and TEM prior to use in adsorption process. Batch adsorption studies 
were carried out to study the adsorption capacity and kinetic properties of the nanomaterials in 
eliminating two selective heavy metal ions. At optimum pH value, the maximum adsorption capacity 
for Cr(VI) and Cu(II) are 34.02 and 66.94 mg/g, respectively. The experimental data revealed that the 
adsorption isotherm best fitted Langmuir model and followed Pseudo second order. 
doi: 10.5829/ije.2018.31.08b.24 
 
 
NOMENCLATURE 
Q Adsorption efficiency 1/n Freundlich exponent 
Ci Initial concentration, (mg/L) qe Adsorption capacity at equilibrium (mg/g) 
Cf Final concentration, (mg/L) qm Maximum adsorption capacity (mg/g) 
q Adsorption capacity (mg/g) t
 
Time (min) 
Ce Equilibrium concentration qt adsorption capacity at time t, (mg/g) 
K Langmuir constant K1 Pseudo first order conctat, (L/min) 
KF Empirical Freundlich constant K2 Pseudo second order constant, (g/mg.min) 
 
1. INTRODUCTION1 
 
Worldwide urbanization and industrialization have 
caused severe contamination of heavy metal in water 
sources. Heavy metals such as arsenic, lead, mercury, 
chromium and copper is considered as serious threat 
towards environment and human health due to their 
toxicity, mobility and fatality [1-4]. Chromium (Cr(VI)) 
and copper (Cu(II)) are among the heavy metals that can 
cause lung cancer and cellular damage with long term 
exposure. Both heavy metals exist in two oxidation 
state, i.e., Cr(VI), Cr(III) [5], Cu(I) and Cu(II) [2]. 
                                                           
*Corresponding Author Email: lwoeijye@utm.my (W. J. Lau) 
Cr(VI) is 500 times more fatal than Cr(III) due to its 
toxicity [6]. The transition between Cu(II) and Cu(I) can 
result in generation of superoxide radicals [2]. In view 
of this, United States Environmental Protection Agency 
(USEPA) has set the maximum level of total chromium 
and copper in standard drinking water at 100 ppb and 
1300 ppb, respectively. 
Cr(VI) and Cu(II) remediation have captured the 
attention from both academia and industry worldwide. 
Of the various treatment methods, adsorption is the 
most promising one as it is cost effective and can be 
used to eliminate not only heavy metals but also other 
contaminants [6, 7]. Various types of adsorbents have 
been used for heavy metal removal. These include metal 
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oxide, mixed metal oxide, clays, activated carbon, etc. 
Mixed metal oxide such as manganese ferrite promised 
high adsorption capacity towards heavy metal removal 
[8]. Nonetheless, this nanoparticle tensd to agglomerate 
easily due to its strong dipole-dipole interactions, which 
affect magnetic properties and sedimentation [9]. 
Graphene oxide (GO), on the other hand, has 
demonstrated good properties such as low density, high 
surface area and large number of oxygenated functional 
group that will enhance adsorption capacity [8, 10]. 
Decorating manganese ferrite onto GO surface is a 
promising solution to handle the sedimentation, 
agglomeration and dispersion problems of manganese 
ferrite.  
The objective of this study is to synthesize new 
type of hybrid material, i.e., graphene oxide–manganese 
ferrite (GMF) using chemical co-precipitation for 
adsorptive removal of Cr(VI) and Cu(II) ions. The 
nanomaterial was characterized by Fourier transform 
Infrared (FTIR), X-ray diffraction (XRD), Brunauer, 
Emmet and Teller (BET) and transmission electron 
microscope (TEM). The application of nanomaterial for 
both Cr(VI) and Cu(II) ions removal was investigated 
via batch adsorption study by varying parameters such 
as pH, ion concentration and contact time. Isotherm and 
kinetic models, i.e., Freundlinch, Langmuir, Pseudo first 
and second order models were used to determine the 
nanomaterial adsorption mechanism. 
 
 
2. MATERIALS 
 
Iron (III) chloride hexahydrate (FeCl3.6H2O, 98%, 
Sigma Aldrich), manganese (II) sulphate monohydrate 
(MnSO4.H2O, ≥99%, Sigma Aldrich) and sodium 
hydroxide pallet (NaOH, 99%, Merck) was used to 
synthesize GMF. Graphite powder (<20µm, Sigma 
Aldrich) used to synthesize GO, later used to prepare 
GMF hybrid. Sulphuric acid (H2SO4, 95-97%, Merck), 
sodium nitrate (NaNO3, Riedel-de Haen), potassium 
permanganate (KMNO4, >99%, Sigma Aldrich) and 
hydrogen peroxide 30% (H2O2, Merck) were used to 
oxidize graphite to GO. Barium chloride 2-hydrate 
(BaCl2.2H2O, Riedel-de Haen) and hydrochloric acid 
(HCl, 37%, Merck) were used during GO washing 
process. Millipore RO water (ASTM Type III) was used 
for nanomaterial washing and stock solution 
preparation. Acetone (RCI Labscan) was used for final 
nanomaterial washing 
 
 
3. METHOD 
 
3. 1. Preparation of Graphene Oxide–Manganese 
Ferrite hybrids             Firstly, GO was prepared using 
Hummers’ method [9, 11] where in brief graphite was 
oxidized by KMnO4 in acidic condition at temperature 
below 5°C. Afterwards, GMF was prepared by chemical 
co-precipitation method as previously described by 
Kumar Nair [8]. GO (0.5g) was dispersed in RO (400 
mL) water followed by 5-min ultrasonication. Then, 
FeCl3.6H2O (2.7g) and MnSO4.H2O (0.845g) were 
added into the resulting solution and stirred for 30 min. 
While stirring, temperature of the suspension was raised 
and maintained at 80°C. The pH was adjusted to 10.5 
using 8 M NaOH solution and let to stir for another 5 
min, then cooled to room temperature. Blackish 
precipitated product was then washed until neutral with 
RO water and acetone for further purification. Finally, 
the resulting suspension was filtered followed by drying 
at 60°C for 24 h. 
 
3. 2. Adsorption Study      Batch adsorption study was 
carried out in order to determine the GMF adsorption 
and kinetic behaviour towards heavy metal removal. 
GMF adsorption behaviour was studied by varying pH 
values of Cr(VI) and Cu(II) solution in order to 
determine the optimum pH condition. Initial pH value 
was varied in range of 2-10 using either 1 N HCl or 1 M 
NaOH solution. In separate experiment, adsorption 
isotherm of GMF (dosage: 1 g/L) was investigated at 
optimum pH condition with different initial ion 
concentration in range of 5-200 mg/L. Cr(VI) and 
Cu(II) solution were freshly prepared from 1000mg/L 
stock solution. All mixtures were shaken using digital 
orbital shaker (Intertek, Heathrow Scientific)  at 250 
rpm for 48 h. Afterwards, GMF was separated from 
Cr(VI) and Cu(II) solution by filtration using 0.45 µm 
polytetrafluoroethylene (PTFE) syringe filter. For 
kinetic studies, pH value was fixed at 2 and 4.5 for 
Cr(VI) and Cu(II), respectively with initial 
concentration of 100 mg/L and adsorption time of 5-
2880 min. Cr(VI) and Cu(II) final concentration was 
measured by flame atomic absorption spectrometer 
(AA-7000, Shimadzu). All measurements were taken in 
duplicate and average values of two measurements were 
recorded. 
 
3. 3. Characterization      FTIR for GMF was 
measured in wavelength range of 400-4000 cm-1 using 
Spectrum One FTIR Spectrometer (Perkin Elmer). GMF 
surface area was measured via BET method by 3Flex by 
N2 gas adsorption at 77 k. TEM was used to identify 
GMF morphology structure. 
 
 
4. RESULTS AND DISCUSSION 
 
4. 1. Nanomaterial Characterization        Adsorption 
FTIR peaks of both GO and GMF in Figure 1 show 
similar pattern at 1711 cm-1, 1623 cm-1, 1375 cm-1, 1242 
cm-1 and 1056 cm-1. These peaks are attributed to C=O 
stretching from ─COOH group, C=C stretching due to 
water molecule adsorbed, deformation of ─OH, C─O 
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stretching from alkoxy group, C─O─C stretching form 
from epoxy group, respectively. Additional peaks at 492 
cm-1 and 607 cm-1 in the GMF are due to metal-O 
stretching that represents vibrations of manganese 
ferrite [10-12]. The results confirm that GMF was 
successfully synthesized. 
The result from BET analysis shows that the 
surface area of GO and GMF are 441.03 and 105.41 
m2/g, respectively. The surface area of GMF is reduced 
when manganese ferrite is incorporated into the GO 
nanosheet, indicating that part of the GO pores are filled 
or occupied by manganese ferrite particles [13]. Figure 
2 shows the morphology of nanomaterials observed by 
TEM. As can be seen, the synthesized GO is packed and 
rippled and exhibits flake-like structure. The GMF 
meanwhile is found to have spherical and rod-like 
particles distributed on the surface of GO nanosheet. 
This confirms the presence of manganese ferrite in the 
GMF. Similar observation was also reported in other 
work [9, 12-15]. 
 
4. 2. Adsorption Study      The performance of GMF 
towards Cr(VI) and Cu(II) adsorption was studied by 
varying pH, initial concentration and contact time. The 
adsorption efficiency (Q) was calculated using Equation 
(1). 
𝑄 (%) =
𝐶𝑖− 𝐶𝑓
𝐶𝑓
 × 100 (1) 
where Ci is the initial concentration (mg/L) and Cf  is the 
final concentration (mg/L). 
 
4. 2. 1. pH Effect   Operational pH condition in the 
adsorption study is crucial as it affects the adsorption 
capacity by altering nanomaterial solubility and heavy 
metal ions dissociation [3]. Figure 3 shows the 
dependencies of Cr(VI) and Cu(II) ion adsorption 
efficiency towards GMF at different pHs. Notably, the 
optimum pH for Cr(VI) and Cu(II) are at pH 2 (40%) 
and pH 4 (38%), respectively. Adsorption efficiency for 
Cr(VI) ion  decreases as the pH value increases. 
 
 
 
Figure 1. FTIR spectra of GO and GMF 
 
 
Figure 2. TEM image of (a) GO and (b) GMF 
 
 
While for Cu(II) ion, it is found that the efficiency 
reduces at pH 2, increases at pH 4 and decreases with 
increasing pH after pH 4. This adsorption pattern can be 
explained by the separation of GMF, Cr(VI) and Cu(II) 
ions, that form differently depending on the pH 
condition. At pH 2, hexavalent chromium exists in 
HCrO4- and CrO72- ion differs from copper which exists 
in Cu2+ ion. Nonetheless, copper will exist in form of 
Cu(OH)3- and Cu(OH)42- ion at pH above 4 [13, 15, 16]. 
While, at low pH concentration, GMF is positively 
charged (-OH2+) [10]. This explains the optimum 
adsorption efficiency for Cr(VI) and Cu(II) ion is due to 
electrostatic attraction between GMF and heavy metal 
ion at pH 2 and 4, respectively. Meanwhile, the 
observation at pH 2 by Cu(II) ions is attributed to ionic 
repulsion between Cu2+ and H+ ions. 
 
 
 
Figure 3. The dependencies of Cr(VI) and Cu(II) ion 
adsorption towards different pH values with initial 
concentration of 50 mg/L 
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4. 2. 2. Adsorption Isotherm      The adsorption 
isotherm of Cr(VI) and Cu(II) ion was studied by 
varying its initial concentration in the range of 5-300 
mg/L at its respective optimum pH condition. As shown 
in Figure 4, the adsorption capacity increases with 
increasing initial concentration until it achieves plateau. 
The maximum adsorption capacity for Cr(VI) and 
Cu(II) ion are reported to be 34.02 and 66.94 mg/g, 
respectively. To further understand the adsorption 
isotherm mechanism, the data were plotted in linear 
form using Equations 2 (Langmuir Isotherm) and 3 
(Freundlich Isotherm), respectively. 
𝐶𝑒
𝑞
=
1
𝐾𝑞𝑚
+
𝐶𝑒
𝑞𝑚
  (2) 
𝐿𝑜𝑔 𝑞
𝑒=
𝐿𝑜𝑔 𝐾𝐹+1
𝑛 𝐿𝑜𝑔 𝐶𝑒
  (3) 
where q is adsorption capacity, Ce is equilibrium 
concentration (mg/L), K is Langmuir constant, KF is 
empirical Freundlich constant, 1/n is Freundlich 
exponent and qe is adsorption capacity at equilibrium 
(mg/g), and qm is maximum adsorption capacity (mg/g). 
Notably, adsorption data were well fitted with Langmuir 
adsorption that suggest the Cr(VI) and Cu(II) adsorption 
occurred at homogenous surface by monolayer 
adsorption.  
 
4. 2. 3. Adsorption Kinetic        Adsorptions kinetic 
was studied by varying the contact time between 
nanomaterial and heavy metals ion. As illustrated in 
Figure 5a ,the adsorption capacity increases with contact 
time until it achieved plateau at 1440 and 2880 min, 
respectively. To further investigate the rate of metal 
uptake by time, experimental data were plotted using 
linear equation of pseudo first and second order as 
expressed in Equations (4) and (5), respectively. 
𝐿𝑜𝑔 (𝑞𝑒 − 𝑞𝑡) =  
𝐿𝑜𝑔(𝑞𝑒)−𝑘1
2.303𝑡
  (4) 
𝑡
𝑞𝑡
=
1
𝐾2𝑞𝑒
2 +
1
𝑞𝑒
𝑡  (5) 
 
 
 
Figure 4. Langmuir adsorption isotherm for Cr(VI) and Cu(II) 
at different initial concentration under optimum pH condition 
(pH 2 for Cr(VI) and pH 4 for Cu(II)) 
where, qe is adsorption capacity at equilibrium (mg/g), 
qt is adsorption capacity at time t (min), k1 (L/min) and 
k2 (g/mg.min) is the rate constant of pseudo first and 
second order. Notably, the experimental data were best 
fitted with pseudo second order model as the correlation 
coefficient, R2 value was very near to 1, so as the value 
of expected qe and experimental qe was in close 
agreement (see Table 1). This suggests that Cr(VI) and 
Cu(II) adsorption towards GMF is based on 
chemisorption. 
 
4. 2. 4. Adsorption Mechanism      The adsorption 
mechanism of Cr(VI) and Cu(II) towards GMF can be 
further discussed as follows. The speciation of metal ion 
and GMF is dependenton the solution pH. Oxygenated 
groups presented in the GO nanosheet and metal oxide 
could act as active sites to absorb Cr(VI) and Cu(II) ions 
via electrostatic attraction mechanism [17-19]. 
 
 
 
 
Figure 5. Adsorption kinetic graph, (a) Effect of contact time 
of towards Cr(VI) and Cu(II) adsorption with 1.0 g/L GMF at 
initial concentration of 100 mg/L (pH value was kept at2 and 4 
for Cr(VI) and Cu(II), repectively) and (b) Pseudo-second 
order kinetic of Cr(VI) and Cu(II) ions onto the GMF 
 
 
TABLE 1. Experimental and expected qe value by Pseudo 
second order kinetic model for Cr(VI) and Cu(II) ion 
Heavy metal Experimental qe (mg/g) Expected qe (mg/g) 
Cr(VI) 31.75 31.64 
Cu(II) 56.48 56.81 
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This mechanism is most likely occured at pH 2 and 4, 
respectively. In the acidic condition, the -OH group in 
the GO and metal oxide is positively charged and 
converted to -OH2+ [10]. Meanwhile, Cr(VI) and Cu(II) 
are in the form of HCrO4-/CrO72- ion and Cu(OH)3-
/Cu(OH)42-, respectively [13, 15, 16]. Hence, -OH2+ in 
GMF will attract HCrO4-/CrO72- and Cu(OH)3-
/Cu(OH)42- ion by electrostatric attraction and form 
complex ion, causing high adsorption capacity. The 
adsorption reactions are shown in the following 
equations. 
Metal-OH2++HCrO4-            Metal-OH2+ – HCrO4- (6) 
Metal-OH2++Cu(OH)3-        Metal-OH2+– Cu(OH)3- (7) 
GO-COOH2+ + HCrO4-         GO-COOH2+ –HCrO4- (8) 
GO-COOH2+ Cu(OH)3-            GO-COOH2+–Cu(OH)3- (9) 
GO-OH2+  + HCrO4-              GO-OH2+ – HCrO4- (10) 
GO-OH2+  + Cu(OH)3-           GO-OH2+ – Cu(OH)3- (11) 
 
 
5. CONCLUSION 
 
In this study, adsorption of GMF nanomaterials towards 
Cr(VI) and Cu(II) ions was studied by varying the pH, 
initial concentration and contact time during adsorption 
process. The synthesized GMF was characterized by 
FTIR, BET and TEM. It was found that the optimum pH 
condition for Cr(VI) and Cu(II) adsorption rate was at 
pH 2 and 4, respectively. It was also found that all data 
were best fitted with Langmuir adsorption model, 
suggesting the adsorption occurredat homogenous 
surface by monolayer adsorption, with maximum 
adsorption capacity of Cr(VI) and Cu(II) at 34.02 and 
66.94 mg/g, respectively. Effect of contact time 
indicated that the adsorption process followed pseudo 
second order, where the adsorption of Cr(VI) and Cu(II) 
involved chemisorption process. High adsorption 
capacity of GMF towards Cr(VI) and Cu(II) ions 
indicated that the potential of this nanomaterial for 
treating water sources containing selective heavy metal 
ions. 
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هديكچ 
 
 
( سم و مورکCu و تسا هدش هتخانش ناسنا تملاس هب تبسن اهنآ کانرطخ تاریثات رطاخ هب هک دنتسه نیگنس تازلف )
 زلف فذح یارب نامرد فلتخم یاه شور ،اهلاس لوط رد .دنوش ناسنا ندب دراو کاروخ قیرط زا هدمع روط هب دنناوت یم
 عبنم زا نیگنس( شراب لماش و تسا هتفرگ رارق هدافتسا دروم ماخ بآco / داقعنا ،)flocculation ینوی لدابت و بذج ،
 ،راک نیا رد .تسا مک هنیزه و لااب بذج تیفرظ لیلد هب اه شور نیرت مهم زا یکی ناونع هب بذج ،لاح نیا اب .تسا
( نیفارگ زنگنم دیسکا تیرف داومونانGMFرب و هدش زتنس نیفارگ ) یاهنوی فذح یاCr (VI)  وCu (II)  بآ لولحم زا
 زا هدافتسا اب هدش زتنس داوم ونان .دوش یم هدافتسا بذج مزیناکم ساسا ربFTIR ،BET  وTEM  رد هدافتسا زا لبق
 ود فذح رد داومونان یشبنج صاوخ و بذج تیفرظ یسررب یارب یا هتسد بذج تاعلاطم .دش صخشم بذج دنیارف
 یباختنا زلف نوی رد .تسا هدش ماجنا نیگنسpH  بذج تیفرظ رثکادح ،بولطم(Cr (VI  وCu (II)  بیترت هب34.02 
 و94.66  بیترت هب و ریومگنلا لدم هجو نیرتهب هب بذج مرتوزیا هک داد ناشن یشیامزآ یاه هداد .تسا مرگ رب مرگ یلیم
.دنک یم لابند ار مود ویسپ 
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